-x. 



(19) 




Europaisches Patentamt 
European Patent Office ^ -| ^ A2 

Office europeen des brevets I 

EUROPEAN PATENT APPLICATION 



(12) 

(43) Date of publication: 

10.01.2001 Bulletin 2001/02 

(21) Application number: 00302520.2 

(22) Date of filing: 28.03.2000 



,51) ,„ta.':G11B7/24, G11B7/013 



m ^ ~!-- „ „ . „ u LU 

MC NL PT SE 

Designated Extension States: 
AL LT LV NIK RO SI 

(30) Priority: 02.07.1999 JP 18980099 ' 
27.08.1999 JP 24229399 
21.09.1999 JP 26782399 
25.10.1999 JP 30255899 
28.12.1999 JP 37506799 

(71) Applicant: TDK Corporation 
Chuo-ku, Tokyo (JP) 

(72) Inventors: 

• Kikukawa, Takashi, 
c/o TDK Corporation 
Tokyo (JP) 



Utsunomiya, Hajlme, 
c/o TDK Corporation 
Tokyo (JP) 
» Shingai, Hiroshi, 
c/o TDK Corporation 
Tokyo (JP) 
• Kato, Tatsuya, 
c/o TDK Corporation 
Tokyo (JP) 

(74) Representative: 

Sarup, David Alexander et al 
Raworth, Moss & Cook, 
Raworth House, 
36 Sydenham Road 
Croydon, Surrey CRO 2EF (GB) 




CM 
< 

CO 

in 

CD 

o 



(57) in an optical information, medium hav.ng an 
nformation bearing surface (21) having projections and 
S31 and/or capable of forming recorded marks, 
ffSna. layer (KQ* adde* The .nfo^ahor .born 
on the information bearing surface can be > rea ^when 
reading light of a wavelength longer than 4NA F\ 
2 efn P, is the minimum sfce of the projections and 
Sp eTsions or recorded marks and NA is the = ,c* 
aperture of a reading optica, system .jdM totte 
information bearing surface constructed by the func 
SnaTlayer or to the information bearing surface through 

intormation bearing surface. The intensity of reflected 
StTrom "he .unctional layer changes hln-WJ 
«on to a change in the power of the read.ng l.ght. The 
medium enables reading at a high reso.ut.on beyond the 
diffraction limit. 
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Description 

reading information in the medium. 
BACKGROUND OF THE INVENTION 

inq discs using organic dyes as the recording material on dens(ty as compared with magnetic recording 

000? in general, optical information medl ^ aV f ^ the recording 

LdJ. The recent-need to process a vast quanUty of « the track pitch or by reducing the 
density The recording density per unit area can be ««««« «nn y However. jf ^ track denslty 

space or blank between recorded marks or between phase prts to mcrease a ^ V ^ tQ 

density is too high relate to the beam spot 
a .eve. where signa.s are unreadab.e. The •^^"J^rtSS- *. optica, system of the reading equipment 

S 0K,.d brford such elfcate m-n. can "j^*"? ^ ,„ going ov.r the readout «rr,« determined 

ture-forming mechanism. t th mask | ayer changes its optical properties in 

raooS The heat mode is such that upon irradiation to a beam spo .the ^ ^ optica| djsc 
l a egiln whose temperature is raised above a certem ^J^^^ ^ ^ readat " e 
discLed in JP-A 5-20531 4. This optical disc has on •*W»"t«« changes wfth temperature^ 

are formed in accordance with information s. gnals. a layerof a ™^ 4 ^ ^ materja| of , n 

That is. the material layer serves as a mask jayer The ^^^^ In tne optical disc of JP-A 5-2053 4. 
the mask layer is constructed are lanthanoids, ^^^d^^m^ distribution with.n the 
35 when reading light is irradiated, the reflectance of the material '^rcnang ^ as ^ temperature 

scanned spot o?the reading light. After reading < >pera ^^.JSS? AnTer known example of the heat mode is 

reading the mask layer must be transformed back ^ amorphous^ consid eration of various condi- 

[0 007] The heat mode media require that the readout ^power be stnrfly s ^ ^ t ture 

for example, in the information recording med urn o ^8 9* 1 _ P ^ ^ g djsc|oses a sk laye 

50 the optical information recording medium of JP-A ; 0 ^^. More J and a mask layer forme d of 

formed of phthalocyanine or a derivative thereof d.sp e rsed r m nor norg a a semiconductor 

a c^cogenide. JP-A 1 1 -86342 uses as the mask laye a supe^reso u .on raa ^ ^ ^ energy 

S having a forbidden band which upon ■ -^^'^JJ^'S?^ is CdSe microparticu.ates 
.eve.ofexc-.nstoch^ 

Ion mode are relatively resistant to degradation by repetitive reading. 
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wavelength reading. 
,0 SUMMARY OF THE INVENTION 

[0011] .o..o,e— 

r P sr a te=^^ 

- SS5 -- a r a n7^ 

; a of increaS,n9 ^l^nforrnation medium comprising an information bearing 

r001 31 in a second aspect, the invention provides an ^optical ™™« k and a func tional layer. The .nfor- 

Se having projections and depressions ^^^^^S-t.^^ 
mation borne on the information bearing surface c n * y ^ NAjsthe ca[ aper 

[Z% Preferably, an optimum readout ^J^^SS^ medium comprising a substrate which is 
0015 in a third aspect, the invenfon provides an opt,cd ^SSer on the pitted surface of the substrate, the 

led on a surface with pits for bearing >»^^ ^ JSwJS^" < A > that the ' mf0rmati ° n ^ Z 
functional layer giving rise to the following P^nomwa (A a "^^ ^ . p wnerein p L is the minimum size of the 
pte can be read when reading light having a wavelength ^ r "^ed and phenomenon (B) that the read output 

r^a«on borne re f " 9 '' " o a » I-*" 0 - Pr " Mea ?* "* 
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throughout the medium. information medium comprising a substrate which is 

[001^ m a fifth aspect, the invention provides , optical ^ n the pmed surfaC e of the substrate. The 
Led on a surface with pUs for bearing ^^^^^ .ongerthan 4NA- P L wherein P L is the m," 
information borne in the pits can be read when reading ^.ght o . «^ en * 9 , s irradlat ed. Provided that the 
U m tength of the pits ^Sg^X^^** ^ ^ ^ * " * ' 

Si of d'that satisfies d < ? index „ ^ depth 

Ses^r^^^ 

Lion medium, using reading light of a wavelength £ «tah sat.sf ^ e of a reading optical system. 
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SS out using reading light of the optimum power. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 
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embodiments of the invention 
FIG 5 is a graph of C/N versus pit length. 
FIG" 6 is a graph of C/N versus readout power. 
FIG 7 is a graph of C/N versus readout power. 
FIG* 8 is a graph of C/N versus readout power. 

a r r^Hmit nower. 
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Mo. o IS a yi a K M ^ w 

cm q ic a araDh of C/N versus readout power. 
F G 10 is a Sph of reflected light intensrty versus readout power. 
F G ? s a gS of reflected light intensity versus readout power. 
Fir 2 to a Staph of reflected light intensity versus readou power. 
F G 3 s a gS of reflected light intensity versus readout power 
F,G 14 Is a gSh of the reflectance of a W layer versus temperature, 
cm mka araDh of C/N versus linear velocity. 
F,G 16 Is a gS of C/N versus a tungsten content in Mo-W alloy. 
FIG' 17 is a graph of C/N versus readout power. . 
FIG' 18 is a graph of C/N versus readout power. 
fig iQisaaraphof C/N versus readout power. tnntuar 
F G 20 s a graph of reflected light intensity versus readou power. 
f r ?i s a ol of reflected light intensity versus readout power. 
F,g' 22 Is a gS of reflected light intensity versus readout power. 

5 sr.&^~^ = presJe and absence of a protective 

S'27-.sagraph of ON ve.us ^p^. P^^-^c.-^^^-^ 
of a metal layer, respectively. * 

?.G 30 to LT^ofcttersus the peak temperature of layer 10. 
FIG 31 to a graph of C/N versus the peak temperature o layer 0. 

information medium is situated. 

FIG. 34 is a graph of C/N versus pit depth. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
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infection 1 »- » <«. ' " T^S^TpSd JL» R-*» •«« ~n« J»n b.W. m 

I o yor m mad r of slfimapt nr allov: 

0 between adjacent pits is equal to the prt length The laye -vt spu ttering. 

35 2NA/X. = 1 .89x1 0 3 (line pairs/mm), 

40 spatial frequency is given as 

P L >. X/4NA = 265 (nm). 
C/N while changing the readout power ,n the range of 1 to 7 mw. 
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tester as above and a linear velocity of 1 1 m/s. Tables 1 to 4 show the relationship of C/N to the thickness of the layer 
10 In Tables 1 to 4, the highest C/N obtained from the layer 10 of a certain thickness when the readout power is 
changed between 1 mW and 7 mW is reported for each of different materials of which the layer 10 is made Table 1 
picks up those samples which show a maximum C/N of at least 40-dB, Table 2 picks up those ^P'^^f™ * 
maximum C/N of 30 dB to less than 40 dB, Table 3 picks up those samples wh.ch show a maximum C/N of 20 dB to 
less than 30 dB, and Table 4 picks up those samples which show a maximum C/N of less than 20 dB. 



Table 1 



10 



20 



25 



C/N (dB) versus thickness of layer 10 


Layer 1 0 Material 


(maximum C/N > 40 dB) Thickness of layer 1C 


(nm) 




5 


10 


15 


20 


30 


50 


100 


Nb 


38.4 




34.3 




44.1 


40.3 


32.8 


Mo 




41.2 


43.0 




39.6 


26.4 


9.2 


W 


32.2 


43.0 


43.6 


38.2 


32.7 


24.3 


7.7 


Mn 


33.2 


37.6 


35.3 




40.7 


35.1 


22.7 


Pt 




39.1 


40.2 




30.2 


13.2 


4.3 


C 


33.2 








40.9 


40.9 


31.0 


Si 


45.5 


43.2 


47.1 




41.4 


44.9 


40.5 


Ge 


37.4 


41.3 


45.0 




44.4 


42.5 


40.7 



Table 2 



C/N (dB) versus thickness of layer 10 (40 dB > maximum C/N < 30 dB) 


Layer 10 Material 


Thickness of layer 1 0 (nm) 






5 


10 


15 


20 


30 


50 ; 


100 


Ti 




29.6 


35.4 


37.2 


37.5 


37.4 


29.8 


Zr 






20.9 






36.7 


28.8 


V 


33.1 




31.1 




36.6 


39.6 


32.4 


' Cr 




35.2 


26.8 




20.4 


11.1 


4.8 


Fe 


28.6 


29.5 


35.8 




35.2 


29.4 


7.9 


Co 




31.8 


37.0 


39.4 


35.9 


26.3 


6.2 


Ni 






36.3 




37.1 


28.8 


5.0 


Pd 




32.8 


38.0 




31.4 


14.5 


5.4 


Sb 




29.4 


35.6 




36.1 


33.3 


23.7 


Ta 




23.3 


25.0 




31.5 


33.8 


21.5 


Al 




34.9 


26.4 




0.0 


0.0 


0.0 


In 


33.6 


24.2 


21.3 




27.9 


25.9 


22.2 
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Table 3 



" C/N (dB) versus thickness of layer 1 0 (30 dB > maximum C/N > 20 dB) 


Layer 10 Material 


Thickness of laye 


r 1 0 (nn 








5 


10 


15 


20 


30 


50 


100 


Cu 




21.9 


0.0 




7.6 


9.3 


8.6 


Sn 




25.5 


26.9 




21.0 


9.9 


3.7 


Te 


28.0 


23.6 


25.9 




27.0 


24.0 


18.0 


Zn 


0.0 


0.0 


12.8 




0.0 


29.0 


10.6 


Bi 


0.0 


0.0 


0.0 




13.0 


23.7 


11.4 



Table 4 



C/N (dB) versus thickness of layer 10 (maximum C/N < 20 dB) 


Layer 10 Material 


Thickness of layer 10 (n 


m) 






5 


10 


15 


20 


30 


50 


100 


Ag 
Au 


19.2 
12.2 


7.4 
8.9 


7.8 
5.6 


4.9 


0.0 
8.3 


0.0 
5.5 


0.0 
7.1 
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uMd In orde.that super-resolution re.dout bocom. poos.We For example, as seen oom , H 

zvszxs: - such as co. 

ROM and DVD-ROM, super—on readout becomes ^ to 9 snow C/N rela- 

[0031] Only for those samples producing a max.mum C/N ^"9 sn own in Tables 1 to 4. respec- 

ive to readout power Pr. The samp.es shown in FIGS 6 to 9 tK ^^!^J^S^m^ the same optical 
lively. The C/N was measured on a pit row with a prt length of 2 ^0 nmThe C/N ^reme 

ab.e due to saturation of the reflected light intensity d *J*^^^2i FIGS. 1 0 to 13 show the intensity 
[0032] Forthose samples producing a max.mum C/N among the above to the s , es snown 

of reflected light relative to readout power Pr. The I ght "rn a prior art supe" resolution 

in Tables 1 to 4, respectively. For showing a change of the mtensrty of P mag|< are also 
medium utilizing a mask layer, the rasults of a disc hav.ng a f^^^^l flit dielectric layer of ZnS- 
plotted in F.G. 1 3. This disc was fabricated by stacking on the same , substrate ^ above a fl ^ ^ ^ 

SiQ 2 having a thickness of 80 nm. a mask layer (phase c ^f^^ Je2t^of A. having a thickness of 
nm a second dielectric layer of ZnS-Si0 2 having a thickness of 23 nm ^""^^^ state . ^ inten sity of 
100 nm in the described order, the mask layer bemj „« * "^J^^^^Klglit » an average inten- 
reflected light was measured on a pit row w.th a prt length of 250 nm. The along a rec ording track con- 

srty of reflected light along the entire pit row. that is an avera ^ tester as above and a 
sisting of prts and spaces betwee n adjacent ^^^^J^SSi comparative sample having 
linear velocity of 1 1 m/s. It is seen from FIGS. 1 0 to 1 3 mat in an ine m p increase in readout power 

the mask .ayer. the intensrty of reflected light increases ^"rast, the prior art super- 

Pr. This means that the reflectance is not substantially affected by the "^JJJVJ above a critica | lev el to form 
resolution medium having a mask layer requires a readout power J£ As a resutt> an inflection 
an optical aperture, and the reflectance experiences an abrupt change across that crrt.ca. 
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point exists at the critical level in the readout power vs. reflected light intensity graph as found with the curve of the com- 
oarative sample in FIG. 13. It is noted that the Pr-reflected light intensity curve of the comparative sample shown in FIG. 
13 has a S infliction point at the position of Pr = 2 mW which is due to the crystallization of the mask iayer and a sec- 
ond inflection point at the position of Pr = 6 mW which is due to the melting of the mask layer. 
5 [0033] Like samples incapable of super-resolution readout (for example, the samples having Au and Ag layers 
shown in FIG. 13), in the inventive samples capable of super-resolution readout, the reflectance is not affected by the 
reaTu power. These results suggest that unlike the prior art super-resolution media ,n wh.ch optica, apertures are 
fonmed by the heat mode or photon mode, the present invention adopts the super-resolution readout mechanism wh,ch 
does not utilize a reflectance change by a temperature or light intensity change. 
10 [0034; in order to examine the thermal effect on a reflectance change, a further experiment was made In i the 
experiment a test sample was fabricated by forming a tungsten (W) layer of 1 5 nm thick or a tungsten layer of 1 00 nm 
thick oTa substrate in the form of a slide glass of 1.2 mm thick by sputtering. The ^^^^^ 
reflectance of the tungsten layer was observed under a heating microscope. The sample was heated at a ramp rate of 
30"Smin and measured for reflectance at a wavelength of 635 nm. In FIG. 14. the dependency of reflectance on tem- 
perSuTJ shown over the temperature range of 100 to 400°C. It is seen from FIG. 14 that for both the samples no 
substantial change of reflectance was observed during heating up to 400°C. These results are ,n good agreement with 

; h 0035r S Firihe S samSe having a tungsten layer of 15 nm thick as the layer 10, FIG. 15 shows the C/N ratio ^hereof 
measured while changing the readout power Pr in the range of 1 to 5 mW and the hnear velocty LV ,n the range of 3 to 
7 I Ss The C/N was measured on a pit row with a pit length of 250 nm, using the same optica. disc tester as above. It 
J Jeln from FIG ^5 that no substantia, dependency of C/N on linear velocity is observed. That « within *e linear 
velocity range tested herein, the performance relating to super-resolution readout is not substantially affected by the hn- 
earveLty Therefore, within this linear velocity range, there is no need to control the readout power even when the 
Hnear velocity is changed. A free choice of the linear velocity within such a wide range has never been accomplished 
by pr oTari s^per-resoltion media whetherthey are of the heat mode or the photon mod. Although only the results o 
the sample having a tungsten layer of 15 nm thick are shown in FIG. 15, no substantial dependency of C/N on hnear 
curved over such a wide linear velocty range for all those samples capable of super-resolut.on readout 

[Owe? It isTo'dThat'each of the above samples was confirmed to be capable of super-resolution readout when 
C/N L measured along a pit row with a pit length of 250 nm and a pft row wtth a pit length of 300 nm us.ng read.ng 

^^SSSS^^^ -ayer 1 0 made of a tung.ten-molybdenum (W-Mo) a,,oy % 
5 nm was measured for C/N along a pit row with a pit length of 250 nm using the same optical dec tester as above at 
a linear velocity of 1 1 m/s. The results are shown in FIG. 1 6. It is seen from FIG. 1 6 that super-resolut.on readout ,s also 

35 ?o°SS' e "aT^I raad testtas made on a sample having the layer 1 0 in the form of a tungsten layer of 1 5 nm thick 
A flat polycarbonate plate of 0.6 mm thick was attached to the layer 1 0 using a adhesive sheet. Signas were read out 
Jy d'raSreading light to the iayer 1 0 through the polycarbonate plate. Understandably, the polycarbonate plate was 
attached in order to compensate for the astigmatism of the elective lens of the reading optica, system. A > resuMhe 

40 C/N along a pit row with a pit length of 250 nm was 13.8 dB, 21 .8 dB, and 27.8 dB at a readout power of 2 mW 3 mW, 
and 4 15, respectively, indicating possible super-resolution readout. These results suggest that i super-resolution rea- 
dout is possible when Veading is.performed through a transparent resin layer (adhesive layer) wh,ch ,s formed on the 
layer 10. 

45 Layer 10 made of compound : 

r00391 Even when the layer 10 is constructed of various compounds such as nitrides, oxides, fluorides sulfides, 
and carbides, the optical information medium of the invention is also capable of super-resolution readout, and intrinsic 
effects are exerted It is noted that the compounds used herein are not limited to stoichiometric compounds and encom- 
pa fm^turas of metals or metalloids with nitrogen, oxygen, etc. in a proportion less than 

tion. Namely, the layer 10 falls within the scope of the invention that contains a metal or me allo.d which .s capibtotf 
super-resolution readout when used in an elemental or alloy form and addmona.ly ^another elemen . preferably at least 
one element selected from among nitrogen, oxygen, fluorine, sutfur and ^J^ 1 ^ 
such compounds is effective for spreading the readout power margin, improvng the C/N, and suppress ng deterioration 
of C/N by repetitive reading. An experiment on the layer 1 0 constructed of compounds is described bel0W m 
[0040] For the samples used this experiment, the layer 10 was formed by sputtering in an argor , . ™>£«» « 
reactive sputtering in an atmosphere of argon plus reactive gas. The sputtering target used was s .l.cor (S tentalum 
(Ta) or aluminum (Al), and the reactive gas used was N 2 or D 2 . For those samples in which the layer 10 was formed 
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15 



20 



25 



wimthereacti^^ 

samp.es using Si. Ta and A. as the ^^^^^S^ L ratio ot reactive gas (.abe.ed as N 2 
targets were used and 30 nm when the A. target was used. It is n ^ ga£ an(J argon 

ratfo or 0 2 ratio) is the f iow rate of reactive gas v.ded by the sum o i q ^ ^ so)ely 

r 0 041l « is seen from FIG. 1 7 that when the flow ratio of N 2 is zero tha wn y ^ ^ pr = g mW 

Eon, the C/N became maximum at Pr = 3 mW ""^^^^ 10 was constructed of tantalum, 
on account of degradation of the layer 1 0. ins seen from F a « *at when y became impossible 

reading was possible only at Pr = 1 mW. and upon Wtorfon ater re a P ^ ^ ^ q( reactive gas 
on account of degradation of the layer to. R ^ cause ^ 

Uoiible at a readout power of 3 mW or higher a very high C/N. When the flow 

the tester. As the flow ratio of N 2 was '^ease* read "9 £^ became impossible . 

rate of N, was further increased, the super-resolution readout evertua w oflSnm thick 

P043 Super-reso.ution readout was possible with a sampfc in whic Uhe ayer 1 0 ^ ^ ^ ^ ^ 

tanned by sputtering a germanium target in an atmosphe e ofA, * Using th P ^ 1 1 ^ A ^ Qf 42 6 

lamp.e wUmeasured for C/N along a pit possible with a samp.e having the 

dB was obtained at a readout power of 7 "W Supe ^so.utK* atmosphere. Using the same optical disc 

,ayer 1 0 formed to a thickness of 1 5 nm »"^J^^£?# length of 250 nm at a linear velocity of 1 

[0044] For the samples shown in FIGS. 17, 1 8 and 1 9 the i in y ^ ref|ected ||ght 

Lut power Pr in the diagrams of in FIGS. 10 to 13. This means that the 

increases in substantial linear proportion to an increase in ireadou po super-resolution readout 

30 reflectance is not substantially affected by ^^^J^^S^ instead of pure elements. 

mechanism remains unchanged even when the i layer 10 is ""stmrted o P by ^ an aluminum target 

[0045] FIG. 23 shows the C/N relative to ^ckness o f the layer to ^ ^ readQUt power 

and sitting the N 2 flow ratio at 0 or 0.08 The ™^^^Z££<* the layer 10 improves the maximum 
is changed in the range of 1 to 7 mW. It readout is possib.e. 

The results are plotted in the diagram of FIG. 24. in , md Mcina N, experienced a C/N drop of more than 

nam It * seen from FIG. 24 that the sample formed without ^^JjJ'^u, experienced little C/N drop 
Rafter 100.000 repeated readouts. C/N than the samp.e formed 

even after 100,000 repeated readouts. Additionally th* sampl ' s ™™ ^ results that the construction of the 
without introducing N 2 . when the readout ^^J^^^^ wqM repetitive reading. 

K° f ™n^^ 

hin film. As the amount of element introduced increased, the thin ^JM*** reaC hed nearly the 

The thin fi.m reached a high degree of transparency ^^^i^ the layer 10 had a relatively low 
stoichiometry. In any of FIGS. 17 to 19. •"'J^^^^S when the .ayer 10 had a relatively high 
degree of transparency, and super-reso.utio .readout ^^^^^ Mm f^<*nm»m^ 
degree of transparency. When the layer 1 0 was formed of supe r-resolution readout of the medium of 

C/N at low Pr lowered. This indicates that the heat mode P art «P ates " ^ in the degree of transparency of the 

super-resolution readout media of the heat mode. 
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mnLi Rrst the improvement in chemical stability of the layer 10 due to h metalloids naturally produce 

S e ooSS aS-tages. In general, metal. ^ ^^l^nary environment, m eta, or 

hence an improvement in maximum C/N. Since the layer detecting system even when the layer iu 
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such as CVD may also be utilized. 
ABBlicatieato^^ . " 

[0055] N e* a me di umsamp te <*™^ 

nfo ^ 5? 10 of the medium shown in FIG_1 ^^P^L^ * flying a UV-curable resin 

K This /because J- pf - ^ »^ S - ™« " " S " Pe '" 

ature upon irradiation of reading light. This, in turn, su 99 
readout of the medium according to the invention. 
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10 



r00571 In FIG 25 as the readout power increases, the C/N ot the sample without the protective layer saturates, 
then declines a little. Thereafter, at a readout power ot 5 mW, no data are available on account of degradation of the 
iaver 1 0 By contrast, the sample with the protective layer produces a C/N which follows a monotonic and moderate rise 
until the readout power reaches 7 mW. It is concluded from these results that the protective layer serving as a heat-s.nk 
layer has the function of expanding the readout power range. 

r0058] Next, samples were fabricated as the samples in FIG. 25 except that the element and thickness of the layer 
10 were changed as shown in Table 5. It was examined how the C/N was affected by the presence or absence of the 
protective layer. The maximum C/N at each thickness of the layer 10 and the readout power giving that maximum C/N 
are shown in Table 5. 

Table 5 



15 



20 



25 



30 



35 



AO 



C/N (dB) in the presence or absence of resin protective layer (the value in parentheses is a readout power in mW) 



Layer 10 material 


Resin protective layer 


Thickness (nm) of layer 1 










5 


10 


15 


30 


50 


100 


Nb 
Nb 


absent 
present 




10.5 (1) 
35.2 (7) 


34.3 (2) 
37.5 (7) 




- 


- 


Mo 
Mo 


absent 
present 


24.7 (2) 
31 .3 (7) 


- 






- 


- 


W 
W 


absent 
present 


32.2 (2) 
35.7 (6) 








- 


- 


Ge 
Ge 


absent 
present 


- 


41.3 (2) 
43.6 (5) 


45.0 (2) 
42.8 (4) 


41 .8 (4) 


- 


- 


V 
V 


absent 
present 






31.1 (2) 
38.4 (7) 




- 


- 


Cr 
Cr 


absent 
present 


11.7(1) 
35.8 (7) 


35.2 (2) 
38.6 (7) 










Pd 
Pd 


absent 
present 


8.6 (2) 
35.9 (7) 












Sb 

Sb j 


absent 
present 




29.4 (1) 
34.4 (4) 


35.6 (2) 

36.7 (4) 








Ta 
Ta 


absent 
present 




23.3 (1) 
35.8 (6) 


25.0 (1) 
37.5 (5) 


35.0 (7) 






In 
In 


absent 
present 






21.3 (2) 
38.5 (7) 


30.4 (6) 


11.7(3) 




Te 
Te 


absent 
present 






25.9 (1) 
35.2 (3) 


27.0(1) 
30.6 (2) 


24.0 (1) 

29.1 (2) 


18.0 (1) 

28.1 (3) 


Bi 
Bi 


absent 
present 






0.0 (1) 
28.1 (6) 


23.2 (3) 


26.6 (3) 


22.9 (3) 



45 



50 



r00591 Referring to Table 5, the layer 1 0 formed of tantalum (Ta) is now considered. In the absence of the protective 
55 layer, the layer 1 0 having a thickness of 1 0 nm became degraded at a readout power of 2 mW and produced a maximum 
C/N of 23 2 dB at a readout power of 1 mW. In the presence of the protective layer, the sample produced signals until 
the readout power reached 6 mW, and a significantly higher C/N of 35.8 dB at that readout power. For the remaining 
samples it was confirmed that the provision of the protective layer permits the use of a higher readout power. Especially 
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in connection with those samples without the protective layer which failed to produce a high C/N at a relatively low rea- 
dout power on account of degradation of the layer 10, the provision of the protective layer permits the application of a 
higher readout power, resulting in a significantly improved C/N. It is also seen from Table 5 that the provision of the pro- 
tective layer significantly expands the thickness range of the layer 10 within which super-resolution readout is possible. 
[0060] Advantages associated with the provision of the protective layer are evident from the results of the above 
experiment. Since the protective layer has a higher thermal conductivity than air, the provision of the protective layer 
accelerates the cooling of the layer 1 0. Also the protective layer 6 shields the layer 1 0 from air. As a result, the provision 
of the protective layer prevents the layer 10 from accumulating heat and hence, from a chemical change. Then the layer 
1 0 does not degrade even when a higher readout power is used. As is evident from the results of the above experiment, 
the optical information medium of the invention generally produces a read output which increases as the readout power 
increases, and this output increase lasts until or immediately before the layer 1 0 is degraded by heating during reading. 
It is thus suggested that by adding the protective layer to the sample having the layer 10 which degrades at a relatively 
low readout power in the absence of the protective layer 6, reading at a high power becomes possible and as a result, 
a high C/N is obtained. 

[0061] Next, samples with or without the protective layer were subjected to repetitive reading to examine the dete- 
rioration of C/N. These samples had the layer 10 in the form of a germanium layer of 10 nm thick. The readout power 
was 2 mW for the sample without the protective layer and 3 or 4 mW for the sample with the protective layer. The results 
are shown in FIG. 26. 

[0062] In FIG. 26, the sample without the protective layer showed an initial C/N of 41 .3 dB, which declined by about 
1 0 dB after 1 6,000 repeated readouts. By contrast, the sample with the protective layer showed a somewhat low initial 
C/N of 38.3 dB at a readout power of 3 mW, which did not decline at all until 100,000 readouts. At a readout power of 4 
mW, the same sample showed a higher initial C/N of 42.7 dB, which slightly declined to 39.7 dB after 100,000 readouts, 
indicating the minimized deterioration of C/N. It is seen from these results that the provision of the protective layer sig- 
nificantly improves the stability against repetitive reading. It is suggested that the increased cooling rate of the layer 10 
and the shielding of the layer 10 from air contribute to this improvement in stability. 

[0063] It will be appreciated that although the protective layer made of resin was used in the above experiment, 
equivalent results are obtainable from protective layers made of various inorganic compounds such as oxides, nitrides, 
sulfides, and carbides as long as they have a higher thermal conductivity than air. 

Thickness of layer 10 

[0064] As seen from the results of the above-described experiments, the layer which is constructed of an elemental 
metal or metalloid should preferably have the following thickness, which is given for the respective elements. 

Nb: up to 100 nm 

Mo: up to 70 nm, especially up to 45 nm 
W: up to 70 nm, especially up to 40 nm 
Mn: up to 100 nm, especially up to 70 nm 
Pt: up to 40 nm, especially up to 30 nm 
C: up to 100 nm 
Si: up to 100 nm 
Ge: up to 100 nm 
Ti: up to 1 00 nm 

Zr: up to 1 00 nm, especially 25 to 1 00 nm 
V: up to 1 00 nm 

Cr: up to 30 nm, especially less than 15 nm 
Fe: up to 80 nm, especially up to 50 nm 
Co: up to 70 nm, especially up to 45 nm 
Ni: up to 70 nm, especially up to 50 nm 
Pd: up to 40 nm, especially up to 30 nm 
Sb: up to 100 nm, especially up to 60 nm 
Ta: up to 100 nm, especially up to 60 nm 
Al: up to 20 nm, especially less than 15 nm 
In: up to 100 nm, especially less than 10 nm 
Cu: up to 10 nm 
Sn: up to 40 nm 
Te: up to 70 nm 
Zn: 40 to 90 nm 
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Bi: 25 to 70 nm 



70 



15 



It is noted thatforthose elements which produce a satisfactorily high C/N even at a thickness of 100 nm the thickness 
uooe St ofl00 nm need not be set from the performance standpoint, but limiting the thickness to 100 nm or less ,s 
IZeaZio i preventing a productivity drop. Also preferably, the layer 1 0 should have a thickness of at least 2 nm regard- 
tesl Tthe element of which the layer is made. If the layer 1 0 is too thin, the reflectance may become too .ow for the 
trarkinn servo svstem to perform well, failing to produce a satisfactory C/N. 

[0<S] When The layer 1 0 is formed of compounds, the appropriate thickness range of the .ayer 1 0 ,s expanded as 
is evident from the results of the foregoing experiments. 

Application to medium structure shown in FIGS. 3A and 3B 

[0066] Described below is an experiment made when the present invention was applied to media of the structures 
shown in FIGS 3A and 3B. The optical information medium 1 shown in FIG. 3A is a read only optical informat.on 
m^omprising a light transmissive substrate 2, pits 21 in a surface thereof, and a layer 10 on the prtted surface. A 
Z Sectric'ayer 81 'disposed between the substrate 2 and the layer 10, and a second dielectnc layer^ : . *p sed 
on the layer 10. That is, the medium shown in FIG. 3A corresponds to the med,um shown ,n FIG. 1 whose layer 10 .s 
sandwiched between dielectric layers. The medium shown in FIG. 3B is constructed by disposing a meta. iayer 5 on the 
second dielectric laver 32 of the medium shown in FIG. 3A. 
„ rO067] Optica, d'isc samp.es of the construction shown in FIG. 3A were fabricated by the following P™«" ™» 
substrate 2 was the same as used In the previous experiments. The layer 1 0 was an antimony <Sb) layer of 15 nm truck, 
which was formed by sputtering. The first die.ectric .ayer 31 was a silicon nitride .ayer of 1 50 nm thick. Th second die- 
lectric layer 32 was a silicon nitride layer of 20 nm thick. These silicon nitride layers were formed by sputtering a S, 3 N 4 

25 "ESI of the construction shown in FIG. 3B were fabricated by forming a metal layer 5 on the 

second dieSS laye?32 in tt» sample of the construction shown in FIG. 3A. The meta. layer 5 was an aluminum layer 
of 1 00 nm thick, which was formed by sputtering an aluminum target. 

[0069J Using the same optical disc tester as above, the samples were measured for C/N along a pit row wrth a pit 
length of 250 nm while changing the readout power and the linear velocity. 

00701 FIG 27A shows the C/N versus readout power of the sample without the metal layer 5. FIG. 27B shows the 
C/N versus readout power of the sample with the meta. .ayer 5. The data shown in these diagrams are ^urements 
at a Inear velocity of 1 1 m/s. It is seen from FIGS. 27A and 27B that super-resolution readout ,s also possible when the 

medium is constructed as shown in FIGS. 3A and 3B. 

£ 0 71] in FIGS. 27A and 27B, like the majority of the samples shown in FIGS. 6 to 9 the CM followed ^ monotony 
increase with an increase in readout power. Although the read output is not depicted ,n these diagrams, the read output 
also followed a monotonic increase with an increase in readout power. Bamnla ^ 

?0072] FIG. 28 shows the C/N along a pit row with a pit length of 300 nm versus readout power of the samp i with- 
out the meta. layer 5. It is seen from FIG. 28 that the C/N does not depend on the readout power l.ke conventional med,a 
when the pit length is greater than the readout limit given by diffraction. 

[0073] Comparing FIG. 27A with FIG. 27B. we will study how the presence or absence of the metal layer 5 affects 

£o7fl d0U Wh:n er th P e r readout power is 1 to 2 mW, the samp.e without the meta. ,ayer 5 produces a higher CM This is 
Lause .ike the protective .ayer described above, the meta. .ayer 5 serves as a heat-sink layer so that t e layer 10 
reaches a lower temperature upon exposure to reading light. This indicates that the heat mode is concerned ,n the 
45 super-resolution readout according to the invention. T i— 
[0075] As the readout power is further increased, the C/N of the sample without the metal ayer 5 ^ratesjhere- 
after at a readout power of 5 mW, no data are avai.ab.e on account of degradation of the .ayer 1 0. By contrast. *e sam- 
pie with the meta. fayer 5 produces a C/N which foHows a monotonic rise until the readout power reaches 5 mW fern* 
mark ng a higher C/N than the sample without the metal layer 5. it is conc.uded from these resu.ts that where the, ™te- 
so rial of the layer 1 0 is selected such that the C/N may fo.low a monotonic increase with an increasing readout power the 
provision of the metal layer 5 serving as a heat-sink layer and an air-shielding layer allows the upper l.mrt of readout 

power to be pulled up, thus achieving a higher C/N. . ,,„„,c 0 „hpr MRthows 

[0076] FIG. 29A shows the C/N versus linear velocity of the sample without the metal layer 5, and FIG j!9B I shows 
the C/N versus .inear ve.ocity of the samp.e wrth the metal layer 5, the C/N values being IM £"*«*^J^ 
55 oowers Pr as shown in the diagrams. It is seen from these diagrams that when the medium is constructed as shown in 
" K£ o 3B TsubsJantia, dependency of C/N on ..near ve.ocrty is yet observed within the ^J^Z^ooZ 
enab.es supe -resolution readout. In the samp.e without the metal iayer 5, reading was impossible at a readou .power 
of 4 mW combined with a linear velocity of up to 8 m/s and at a readout power of 5 mW, on account of degradation of 
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as^atink^er and an air-shielding layer is effective for expanding the linear ve.oaty margin. 
Ap plication to medium sta r *'"* shown in' FIGS. 4A and 4B 

[00771 Described below is an experiment made when the present invention was applied to media of the structures 
S£ ' n Te '^uSn-tan medium shown in FIG. 4A is an optical recording ^^T^ofl^ 

had a thickness of 20 nm. The layer 10 was constructed of 9^an^m (Ge) or J^^^TW* alloy as the 
1 00 nm. The recording layer 4 was of the phase change type and formed by sputter ng an Ag 
target in an argon atmosphere. The recording layer had a composition (atomic ratio). 

(Ag a .n b Sb c Te d)l . e Ge e for ™ la « 

cal disc samples of the construction shown in FIG 4B were UmM Iby tne sam p , er 4 was 

construction shown in FIG. 4A except that the positional relat.on between the layer 1 0 and the recora g y 

might have a length of 200 nm. It is noted that in this experiment, the phase change recording .ayer 
35 amorphous state without initialization or crystallization. 

[0082] Using the optical disc tester, the samples were then measured for C/N at a linear velocity 
results are shown in Table 6. 



70 



75 



20 



25 



30 



Table 6 



40 



45 



50 







Structure 


Material of layer 10 


Thickness of layer 
10 (nm) 


C/N (dB) 


Readout power Pr 
(mW) 


Writing power Pw 
(mW) 


FIG.4A 


Ge 


15 


22.1 


5 


8 


FIG. 4A 


Ge 


100 


27.9 


7 


11 


FIG. 4A 


W 


15 


19.7 


7 


4 I 


FIG. 4A 


w 


100 








FIG. 4B 


Ge 


15 


18.7 


6 


7 


FIG.4B 


Ge 


100 


29.2. 


7 


8 


FIG.4B 


W 


15 


21.4 


7 


12 


FIG.4B 


W 


100 


9.4 


7 


4 









55 



f00831 It is seen from Table 6 that the optical recording medium is capable of super-resolution readout according , to 
me invention As " mpaTed with the above-described read-only disc samples, these samples genera.ly show a low C/N, 
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10 



15 



20 



25 



30 



ess " 'zz2EZ£Sz-» i . , -« -^gsss^^^ ™ 

serves as the recording layer is possible. 
Function o f super-resolution readout 

tOOSS! It is seen from the results ot the foregoing experiments ^^"^ — * *" 

present invention utterly differs from the conventional su ^ S °^^\ he neat mode or of the photon mode, a 
?00871 First, in the conventional super-resolut,on readout, ^^^^J^. or re flectance of a region 
aser Lam is irradiated to the mask layer to defme •^^T^ ^ ^Tearn spot. As a result, as shown 
smaller than the beam spot is increased by udtang the ^^ ing read P out power, and saturates 

in F.G. 9 of JP-A 1 1 -86342 referred to in the preamble. t ^~J^"^ doirt 0 pawer is further increased, an 
when the light transmittance of the mask layer reaches a constant ^ As th e rea P R fe nQted 

ssrs? y^asMS^* * . — PO wer 

change even if it is of the type utilizing a re,lectanc ^ , ^ r n e ^! dout re _ uires a neat or photon Intensity above a certain 
dout power while changing a linear ve.octy as he^ea ^^STftS^ in the conventional super-reso.u- 

ri«?^~ change 01 C/N ^ inevitabV wrth a 

35 Lept for the case wherein read signa.s are lost on ^^^^SSL 6 to 9 andRGS. 1 7 to 1 9. Also 
urates and then slightly declines as the readout power F as ^shown m |f> ^ 

as seen from FIGS. 10 to 13 and FIGS. 20 to 22. the reactance , '^ en ^ of C/N on nnea r ve.ocrty is 
super-resolution readout according to the present inven .on, no *gfi£l£%l concluded from these results that 

t.mp.o*™ o. the hya. >0 opon expo~~ to »*nc , „. retea w indo* and pbsorp- 

is plotted in the graphs of FIGS. 30 to 32 for each v ^^^^^ mw of tne layer 10 is observed, a distinct 
m ode is concerned id me euper-esoMion rTZ?^£££Z% Sm« «» «• »< <-*>» °< « 
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20 



25 



30 



35 



spot diameter of a ,aser beam can be reduced, and as a resuft. the power density , can ^^^J^ 
US e or a .aser beam of a snorter ^ve.engtj .enables ^^^^^^ P ^ut power 
temperature with a iower power. Then, read.n ° f * sh< ^ er ^wavelength. To confirm this, the peak tempera- 
unless the absorption coefficient becomes especially low a ' »«horte waveie g an(J g readQUt 

ture of the layer 1 0 was determined under the Mutton « "^Jjjj*, reached under this sftua- 

power of 3 mW and rotating the medium at a linear velocity of 1 1 mte ^^J^Jon using reading light with a 
Eon was compared with the peak temperature of the layer "^^^^^2^3 1 , ^As a result, 
wavelength of 635 nm and a readout power of 3 mW and rotaUng he ^K^^^Sld for a., the materi- 

ror^ior:^^ 

si.J.ayerof 15 nm r were — 

Thereafter, the samples were held for two days at bo o to iowea y 6Q „ C fo „ owe d by C/N measure- 

utes in a refrigerator, followed by C/N measurement, and f.nal.y held for E i minutes * £> V ^ 
ment. These C/N measurements are plotted in *e, = f R083. ^^^^ storage , but , 0 w- 

concerned in the super-resolution readout according to the invent.on. 
Ffoartinn method 

[00 961 ' in the medium of the invention, the temperature of the ^"-Xn^^^^^ 
o the C/N as described above. Then, according to the invent.on ^ * the prac- 

perature of the functional layer above a predetermmed value for ^^^f^^ only tne irra diation of 
See of the invention, in order to heat the funct.onal layer above the p red ^^^Sro may be additionally uti- 
readinglight (laser beam) may be utilized, athoug .the ambi- 
lized. If the temperature of the funct.onal layer can be ^^^ T ^~^roi such an order as to invite no . 
ent temperature, super-resolution readout becomes possible w^»Bdort powe of « read . 
substantial temperature rise of the functional layer Utilizing ^^^^SSS S dlecting system is satu- 
out power to be suppressed low and is thus effect.ve ,n a «t ua .on where the ^ ^ m ze6, it is 

rated due to the too high reflectance of the layer 10. Also when the elevation ' ° f ^ e ^ ,e ^Xated to the predeter- 
only required that the layer which has already beer i heated I to a ^certain ^^^^^ functio P nal laye r 

in proximity to the optical pickup so as to move in unison J^»^JPK*J dj on the 

essary, a trial reading operation is performed to determme the opt.mum readout power. 
Pit depth 

Lm »han the P>ft p«s hava a dapth at W. whe,e,n tha ^»^'^^„ P ^ h %7matt»cl. the netting 
and the reading light has , wavelength X. It ia also «no«n M _«h« zero rvhen th, phasa 

according to the invention differs from that of the pr.or art read-only media. In FIG. 34, 
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inventionisp^^^^ 

cal disc samples of the construction shown .n FIG 2 «r. and . thickness of , . 2 mm in which 

molded from polycarbonate (refracts index n , = 1 58) to a ^er ^ ^ ^ ^ Q 3? ^ gnd 

phase pits were formed simultaneous w.th .nject.on molding^ Three ype v was set t0 tne value 

, 5.44 ,m were formed. The space ^^J^^^tSLd in'the graph has been normal- 
indicated on the abscissa of the graph of F.G 34 It . n ^j£JJ . P ndex P n of the substrate a , the wavelength X. The 
ized in terms of the wavelength X of reading ^ ^» /J™^ '^ ective layer 6 was constructed from a UV-cura- 
laver 1 0 was constructed by a germanium layer of 1 5 nm Wick. The protective y 
ble resin to a thickness of 1 0 |im as in the foregoing samples. 

10 [0101] This experiment used: 

tho i 9 «.r wavelenath is 680 nm, the numerical aperture 
(1) a reading system of the short wavelength type ,n which the laser wavelength 

(NA) is 0.55, and the readable pit length is 0.31 um or , greater . ana numerical aperture 

2) a reading system of the long wavelength *pe in «hrt*. "J^^^LSon was carried out while setting the 
NA) is 0.50, and the readable pit length « 0.39 pm or ^^^J tengB , type and the linear velocity 
eadout power to 4 mW for the short wavelength type and 7 mW ^ r JJ ^ sible since this pit length 

to 1 1 m/s for both the types. As to the pto with a length of ^J^^ft S 0.37 pm, norma, readout took 
was greater than the resolution M of ^ W^luC^S^ reS took place with the system of the 

rr 9 w:^ 

tern of the short wavelength type. 
I0 102] ,tisseenfromF,G.34t h atincasewherenorma.readoutta^ 

Known in the prior art, and that in ^ ™ 

near W8n. It is thus seen that in case where super-resolution readout w kr bQth g rea(J Qutput 

when the pit depth is made shallower than V6n ^^^^^^r^ M place, the decline 
and a tracking error signal output It - further seen ^^h^JKon which is extremely shallower ftan in the 
of C/N from the maximum is minimized even when the pit depth is set 

Drior art. , „ . .„ in fig 34 in the above experiment, the pit depth 

S3 o, .esse s^3=s=rarr — - * — . - * - - * 

preferably set to be: 

AV10n < d < k/6n, and especially 
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20 



25 



A79n < d < X77n 



4 o throughout the medium. structure shown in FIG. 3A, when reading light is directed thereto 

can b. .apnea** "Sing •» " °' »• J FIG. 1 is turned up.id. do»n and a thin transparent 

[01061 Further, «t,.n the irregular audace of the dMa 2" „, Mnsparera rosin layer, me refraet.tr. 
La U « •»"- » « '°r '^TtirSt * l£r. Wher. the transpere,,. resin 
into, bead in the emulation of th. .deque a P »« of I »« ™£ ol „, (dequal . p« depth ia that of ... 

east X/4NA capable of normal readout are copresen both ft pits are given am P ^ ^ ^ an(J 

preferably fall in the range: 

Xnon < d s < XV6n, and especially 



45 



50 



17 



NSDOCID <EP 1067534A2J_> 



EP 1 067 534 A2 



X/9n < d s < A77n. 

On the other hand, d L should preferably fall in the range: 
5 X78n < d L < X/4n, and especially 

A77n < d L X/5n. 

[0108] In order to form two types of pits having different depths, two types of photoresist which differ in sensitivity 
70 may be used in the mastering step utilizing photolithography, for example, in this case, a low sensitivity photoresist layer 
and a high sensitivity photoresist layer are stacked as lower and upper layers, respectively. When a pattern of shallow 
pits is to be formed, exposure is made such that only the upper layer is reacted to light. When a pattern of deep pits is 
to be formed exposure is made such that not only the upper layer, but also the lower layer is reacted to light Alterna- 
tively using two types of photoresist which differ in absorption wavelength, a photoresist layer of stacked layer structure 
15 is formed. In this case too, the photo-reaction of only the upper layer and the photo -re action of both the upper and lower 
layers are independently carried out. 

[0109] Understandably, the above-described control of the pit depth is not limited to the read-only media, but also 
applicable to address pits in recording media. 

[0110] Japanese Patent Application Nos. 11-189800, 11-242293, 11-267823, 11-302558, and 11-375067 are 
20 incorporated herein by reference. 

[0111] Although some preferred embodiments have been described, many modifications and variations may be 
made thereto in the light of the above teachings. It is therefore to be understood that within the scope of the appended 
claims, the invention may be practiced otherwise than as specifically described. 

25 Claims 

1 . An optical information medium comprising 

an information bearing surface having projections and depressions and/or capable of forming recorded marks, 
30 and 

a functional layer having a function of increasing a spatial resolution. 

2. An optical information medium comprising an information bearing surface having projections and depressions 
and/or capable of forming recorded marks, and a functional layer, wherein 

35 

the information borne on said information bearing surface can be read when reading light of a wavelength 
longer than 4NA- P L wherein P L is the minimum size of said projections and depressions or said recorded 
marks and NA is the numerical aperture of a reading optical system is irradiated to said information bearing 
surface constructed by the functional layer or to said information bearing surface through the functional layer 
40 or to the functional layer through said information bearing surface, and 

the intensity of reflected light from said functional layer changes in linear proportion to a change in the readout 
power. 

3. The optical information medium of claim 1 or 2 wherein an optimum readout power is previously recorded. 

4. An optical information medium comprising a substrate which is formed on a surface with pits for bearing informa- 
tion, and a functional layer on the pitted surface of said substrate, said functional layer giving rise to the following 
phenomena (A) and (B): 

phenomenon (A) that the information borne in the pits can be read when reading light having a wavelength 
longerthan 4NA • P L wherein P L is the minimum size of said pits and NA is the numerical aperture of a reading 
optical system is irradiated, and 

phenomenon (B) that the read output varies in accordance with the depth of pits, and the pit depth at which the 
read output becomes maximum for those pits having a length of less than X/4NA is less than the pit depth at 
which the read output becomes maximum for those pits having a length of at least X74NA, provided that the 
reading light has a wavelength X. 

5. An optical information medium comprising a substrate which is formed on a surface with pits for bearing informa- 
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75 



tion, and a functional layer on the pitted surface of said substrate, where.n 
the information borne in said pHs can be read when 

P L is the minimum length of said pits and NA ^ "T^JS!S his a SXe index n, the pits have a 
5 provided that the reading light has a wavelength X and sa.d substrate nas 

depth d which satisfies: 

X/10n < d < X>6n 

10 throughout the medium. 

s A „ opto. —n — oozing . a***. «*=„ * tamed dn a spnaee w»h pas ta oea„o 9 W-™- 
»y« o» tne pit,.- surfaoa o> »*— • 

« iotam.tfcn dome ,n s.H P«s « be _ — . te.dta, ^^2^55^ * 
P L is *e nwnum length of said pits and NA is 2^^7JtoC"°^h'»''i=«'''" u4NAmd 

„ 7. The optical ta.oUan o, S P-oaHad th.t said oot»«e has . a*.* lode* , ta dep,h 

d s satisfies: M10n < d s < M6n. 
S. The optlool inh— madidd, o, m. . "horoln p-ovhded ,0a, sold sobstf.o has 0 Index „. * dep.h 

d L satisfies: A/8n < d L < XMn. 
* , A^dta^e^ttah-e^ 

sss :rr:: sr i^ias-i - = — *- — • 

„ ,0 The etethod o, cum 9 »he,e,„ open fading, the temped 0, . Id h>»e, Id raised ebe.e = predeter- 
led Leepoodlng to the material of which said tunotione, la„a, . made. 

of a laser beam. 

* 12. The me.hod 0- ol* ,0 „e tappet.*™ 0. sad — lave, la »»eo « d«,,z,p g a, l.aa, « e,e»*„ 

of the ambient temperature. 

using reading light of the optimum power. 
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FIG. 3 A 
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FIG. 4A 
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